an object is transferred in the absence or presence of a protagonist, with the subsequent test question being where the protagonist will then look for the object. Instead of directly asking the participant, researchers conducting implicit anticipatory-looking tasks capitalize on participants' spontaneous looking behavior: When the agent returns to the scene, will participants anticipate that the agent will search according to his or her true belief (i.e., where the object actually is) or false belief (i.e., where the agent incorrectly assumes the object to be) and look at the corresponding location (Clements & Perner, 1994) ? Such tasks can and have been used from infancy to adulthood, suggesting that implicit theory of mind emerges early, remains in operation across the life span, and differs in subtle yet crucial ways between neurotypical and autistic adults (e.g., Senju et al., 2009; Southgate et al., 2007) .
Far-reaching theoretical accounts build on these anticipatory-looking findings, including nativists' views (Baillargeon et al., 2015; Leslie, 2005; Scott & Baillargeon, 2017; Wang & Leslie, 2016) and various two-systems accounts (Apperly & Butterfill, 2009; Butterfill & Apperly, 2013) , both of which assume that there are early-developing, more or less modular, and automatic forms of theory of mind. From a theoretical point of view, it is currently debated which account best explains findings from anticipatory-looking tasks, given that these findings are robust and reliable.
From an empirical point of view, however, the more fundamental question is whether these implicit theoryof-mind findings are indeed robust and reliable. To date, existing positive evidence in anticipatory-looking tasks still comes from relatively few studies and labs, often with very small sample sizes (e.g., n < 10 per condition in Senju et al., 2009; Senju et al., 2010; and Southgate et al., 2007) . Recent debates around the replication crisis in many areas of psychology highlight the dangers of publication biases and false-positive psychology. Thus, the robustness, replicability, and reliability of the existing findings from implicit theory-of-mind tasks need to be carefully examined-in particular given their far-reaching theoretical implications (Open Science Collaboration, 2015; Simmons, Nelson, & Simonsohn, 2011) and given that some studies failed to replicate original findings (e.g., Burnside, Ruel, Azar, & PoulinDubois, 2017; Kulke, Reiß, Krist, & Rakoczy, 2017; Powell, Hobbs, Bardis, Carey, & Saxe, 2017; Schuwerk, Vuori, & Sodian, 2015) . Furthermore, existing research still does not provide sufficient information about the validity of anticipatory-looking and related implicit paradigms. For explicit theory-of-mind tasks, decades of research have produced convincing evidence for their validity: The convergent validity of various explicit paradigms has been established by correlation analyses (different and superficially dissimilar tasks that all tap theory of mind strongly correlate). Furthermore, for most individual tasks, stringent control conditions have been devised that rule out more parsimonious explanations (Gopnik & Astington, 1988 ; for a review, see Perner & Roessler, 2012) .
For implicit tasks, in contrast, systematic tests of convergent validity are still almost nonexistent. And the only two existing studies that did investigate the convergent validity of various implicit tasks failed to find intertask correlations (Poulin-Dubois & Yott, 2017; Yott & Poulin-Dubois, 2016) . In terms of control conditions, some recent studies have taken a closer look at priming paradigms supposedly tapping implicit theory of mind, and the researchers have concluded that once suitable control conditions are administered, the original findings can be explained in alternative, more parsimonious ways (Conway, Lee, Ojaghi, Catmur, & Bird, 2017; Phillips et al., 2015; Santiesteban, Catmur, Hopkins, Bird, & Heyes, 2014) . To our knowledge, no such studies exist for anticipatory-looking measures yet.
The rationale of the present study was therefore the following. First, to test the robustness and reliability of anticipatory-looking false-belief tasks, we implemented a systematic, preregistered replication study using original stimuli and procedures and sufficiently large sample sizes. Second, we investigated the validity of anticipatory-looking paradigms by determining their convergent validity across tasks and by testing for alternative explanations for those individual tasks that proved reliable. Studies 1 and 2 included large-scale replications of four different anticipatory-looking paradigms that yielded information concerning the replicability of each individual paradigm and of convergent validity across them. In these studies, there was no evidence for any convergent validation across tasks, and only one paradigm was robustly replicated. Studies 3a and 3b followed-up on these findings using the same paradigm and examining its validity by testing for alternative explanations.
Studies 1 and 2

Method
Studies 1 and 2 used four established anticipatorylooking change-of-location false-belief tasks that have previously been used with infants, children, and adults. The common denominator is that participants see short videos in which a target object of some relevance to a protagonist changes location. This change of location is witnessed or unwitnessed by the protagonist. When the protagonist is about to search for the object, participants' spontaneous belief attribution may manifest itself in anticipatory looking to the location where the protagonist believes the object to be (see Fig. 1 ). Surian and Geraci (2012) ; (c) Low and Watts (2013) ; and (d) Southgate, Senju, and Csibra (2007) and Senju, Southgate, White, and Frith (2009) . See the Method section for a description of the depicted tasks.
The tasks used by Schneider et al. (2012) and Surian and Geraci (2012) are the most stringent implicit versions of standard change-of-location false-belief tasks, in which an object (an animated ball in Surian and Geraci, 2012; a ball in Schneider et al., 2012 ) is transferred from Box 1 to Box 2. This is either witnessed by the protagonist (resulting in a true belief about the object's location) or is not (resulting in a false belief about the object's location; the protagonist was an animated triangle in Surian & Geraci, 2012 , and a woman in Schneider et al., 2012) . The Low and Watts (2013) task 1 is structurally analogous but includes only a falsebelief condition. Finally, the task by Southgate et al. (2007) and Senju et al. (2009) is the simplest one because it also does not involve true-belief conditions either, and the target object is removed from the scene rather than transferred in the protagonist's absence. Thus, in the crucial anticipation phase, there is not the same conflict as in the other tasks between the object's real location and the location at which the protagonist believes it to be. This task has two false-belief conditions: False Belief 1 and False Belief 2. In both conditions, the target object is first placed in Box 1, then transferred to Box 2, and then removed from the scene. In the False Belief 1 condition, the protagonist witnesses the first two steps but not the third one. This creates the protagonist's false belief that the object is still located in Box 2, the object's last location before removal. In the False Belief 2 condition, the protagonist witnesses the first step but not the second and the third ones. Thus, now the protagonist should have the false belief that the object is located in Box 1 (which is different from the object's last location before removal).
In the original studies, 14-month-old children (Surian & Geraci, 2012) , adults (Schneider et al., 2012) , or both children from the age of 2 years and adults (Low & Watts, 2013; Senju et al., 2009; Southgate et al., 2007) revealed anticipatory-looking patterns suggestive of belief-based anticipation in both their first looks and overall looking time.
The current study exactly replicated the methods described in the original articles, using original stimuli and protocols, which were generously shared with us by the authors (for details, see Supplement A in the Supplemental Material available online). In Study 1, adult participants were tested on all four tasks within one session to test the replicability of each individual task as well as the convergent validity across tasks: If these tasks all tap the same underlying capacity, convergent validity of the tasks should be revealed by intertask correlations. Study 2 used only the most stringent of the four tasks, the Schneider et al. (2012) paradigm (which includes false belief and true-belief conditions, multiple trials, and parametric within-participants contrasts), in a single session to rule out the effects of multiple testing or order.
Study 1 was preregistered at the Open Science Framework (https://osf.io/dxb5n/). To reach the predetermined participant number (see Supplement A), we tested 119 neurotypical adults in total (age: M = 23.9 years, SD = 3.68, range = 18-35; 33 men), 43 (36%) of whom passed the original inclusion criteria of all paradigms (because excluded subjects differed between paradigms, only those participants who failed the criteria for each respective paradigm were excluded for the separate analyses of single paradigms; see Supplement A for exclusion specifics for each individual paradigm separately). Study 2 tested 91 neurotypical adults (age: M = 23.3 years, SD = 5.48, range = 18-47 years; 25 men), 9 of whom had to be excluded because of the original criteria. Participants took part in return for course credit or monetary compensation (Study 1: €8, Study 2: €6). All studies were approved by the University of Göttingen Ethics Review Board (Reference No. 143b) and were carried out in accordance with the provisions of the World Medical Association Declaration of Helsinki.
The original cover task by Schneider et al. (2012) was used. Participants were instructed to closely watch the actress and record (by mouse click) whenever she waved. Participants received the four different paradigms in random order (Study 1) or only the Schneider et al. (2012) paradigm (Study 2). At the end of the session, participants completed a debriefing questionnaire designed by Schneider et al. (2012) , which tested awareness about the aim of the experiment with six increasingly specific questions. Participants also completed a German translation of the Autism-Spectrum Quotient to determine their autistic traits (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001) .
Anticipatory-looking behavior was measured using eye-tracking technology. Details of the eye-tracking procedures are described in Supplement A. To allow for comparability, we computed the same overall outcome measures for all paradigms, including proportion of looking time (computed for both eyes separately), differential looking score (DLS), and direction of first saccade (previously measured by all studies except Schneider et al., 2012) . The DLS is the difference between looking time to the correct side and looking time to the incorrect side divided by the sum of looking time to both sides. To account for the true-belief control condition in Schneider et al.'s and Surian and Geraci's paradigms, we calculated the DLS for the false-belief and true-belief conditions and averaged to get an overall measure of belief-congruent looking (composite DLS; for details, see Supplement A). The time window and area of interest used for looking-time calculations differed between the original paradigms (1.750 s to the left or right side of the screen in Low and Watts, 2013; 6 s to the windows in Senju et al., 2009 ; 3.5 s to 12-cm × 9-cm areas around the boxes in Surian and Geraci, 2012;  and 5 s to the left and right box and arm areas in Schneider et al., 2012) . Therefore, looking times are depicted as the proportion of looking toward the area of interest in their originally defined time windows in the following analyses. Follow-up Bayesian analyses were conducted using the BayesFactor package (Morey, Rouder, & Tamil, 2015) in the R programming environment (R Core Team, 2012) using Cauchy priors as described by Liang, Paulo, Molina, Clyde, and Berger (2012) .
Results of Study 1
Replicability of the individual paradigms. Analyses were based on the preregistration of the current study, unless otherwise noted (for details, see https://osf.io/ dxb5n/). As some results deviated in direction from the original findings, two-tailed tests are reported (unlike initially planned in the preregistration). Full data sets can be accessed at https://osf.io/2bvt8/. In the following, for each individual paradigm, we first summarize the original findings and then report the results from the corresponding analyses in the present study (see Fig. 2 ). Additional preregistered analyses for all paradigms are reported in Supplement B in the Supplemental Material and show results similar to the main findings reported in the following. Schneider et al. (2012) paradigm. The main results of the original Schneider et al. (2012) study were as follows. There was a significant interaction effect of belief (false belief vs. true belief) and location (object vs. no object) on looking times, with participants looking significantly longer at the no-object location in the false-belief than in the true-belief condition. In the present study (n = 108), the corresponding 2 × 2 analysis of variance (ANOVA) on proportion of looking time showed a significant effect of object location As in the original study, there was a significant Belief × Location interaction on looking times. But unlike in the original study, this was not due to the crucial difference in looking to the no-object location (participants looked longer to this location in the false-belief than in the truebelief condition). and Geraci (2012) paradigm. The main findings of the original Surian and Geraci (2012) study were as follows. There was no interaction effect of belief (false belief vs. true belief) and location (object vs. no object) on looking time. First saccades, however, were more often directed to the no-object location than to the object location in the false-belief condition, and vice versa in the true-belief condition. In the present study (n = 102), a 2 × 2 ANOVA on the proportion of looking time also showed no significant effects of belief, . Analyses of first saccades, however, did not reproduce the original findings: Participants looked more often at the object location (n = 56) than at the no-object location (n = 30) only in the true-belief condition, p = .007 (binomial test), d = 0.34, but did not look differentially in the false-belief condition-no object: n = 33, object: n = 50; p = .078 (binomial test), d = −0.20 (but note a tendency to the belief-incongruent location according to Bayesian analyses: BF 10 = 1.335). The present study thus replicated only the original negative findings but not the positive ones. Low and Watts (2013) paradigm. The main finding of the original Low and Watts (2013) study was that participants looked proportionally more to the belief-congruent (no-object) location than to the beliefincongruent (object) location, as indicated by a significantly positive DLS. In the present study (n = 119), participants also looked proportionally more to the belief-congruent than to the belief-incongruent location, as indicated by a significantly positive DLS (M = .35, SD = .54, 95% CI = [.25, .45]), t(118) = 7.16, p < .001, d = 0.65. The original findings were fully replicated. Southgate et al. (2007) and Senju et al. (2009) paradigm. In the original studies of Southgate et al. (2007) and Senju et al. (2009) , the main finding was that participants generally showed more anticipatory looking to the belief-congruent than to the belief-incongruent location, with no significant differences between the False Belief 1 and False Belief 2 conditions. In contrast, in the present study (n = 54), the overall DLS did not significantly differ from zero (M = . Relations between the paradigms. Correlations between the DLSs of all paradigms were computed to test for convergent validity. For each correlation between two tasks, the data for a given participant were included if that participant fulfilled the inclusion criteria for each of the two paradigms. Results revealed that there were no significant correlations between mean DLS and composite DLS in any two of the paradigms (see Table 1 for correlation coefficients and Supplement C in the Supplemental Material for detailed analyses and Bayesian statistics).
Surian
Relations of anticipatory looking to covariates.
Eight percent of participants guessed the aim of the study during the debriefing procedure. Anticipatory looking in the different tasks did not differ between participants as a function of whether they did or did not guess the aim of the study (indicated by the debriefing questionnaire), F(1, 565) = 2.54, p = .111, d = 0.13, BF 10 = 0.450, nor was it related to interindividual differences in autistic traits (for the full analyses, see Supplement B).
Test for order effects.
One potential concern about the current study is that it presented all four paradigms to each participant in one test session, with potential effects of order or multiple testing. To rule out such effects of trial order or fatigue, we conducted three exploratory (nonpreregistered) analyses. First, for each task, a mixed model was computed investigating the effect of the position of the task in the testing sequence (1, 2, 3, 4) as well as the interaction effect of position with other factors on DLSs. Results revealed that there were no main or interaction effects of position on DLSs in any of the paradigms (see Supplement D in the Supplemental Material).
Second, for each paradigm, the preregistered analyses were repeated for only those participants who completed this paradigm first, so that any order effects or other kinds of influence of other paradigms on performance in this target paradigm could be ruled out (see Supplement D). The pattern of results was comparable with those found in the analyses on the full participant sample. Taken together, these two analyses suggest that there were no significant effects of paradigm position, justifying the inclusion of all participants, independent of the position in which they completed the paradigm.
Results of Study 2
As an additional test for order effects, Study 2 (n = 82) was designed to replicate the Schneider et al. (2012) paradigm in a single session to rule out more stringent multitest or order effects. The findings were comparable with the nonreplication described above (see Fig. 3 Table 2 summarizes the current results and contrasts them with the original findings. The current studies failed to replicate the previously observed full pattern of the studies of Southgate et al. (2007) and Senju et al. (2009 ), Surian and Geraci (2012 ), and Schneider et al. (2012 . The only original results fully replicated here were those from the Low and Watts (2013) paradigm.
Summary of results
But how is this pattern of differential replicability to be explained? There are two broad possibilities why only the Low and Watts (2013) paradigm was robustly replicated. One possibility is that this paradigm is particularly valid (perhaps because of lower processing demands or other relevant task factors) and therefore the most sensitive and suitable one to tap implicit theory of mind. The contrary possibility is that this task may be particularly prone to alternative explanations because of potential confounds. To investigate this second possibility, we conducted Studies 3a and 3b.
Studies 3a and 3b
Method
Study 3a (https://osf.io/sy328/) and Study 3b (https:// osf.io/3b8tq/) were preregistered on the Open Science Framework. Sample size was predetermined to be 13 participants per condition on the basis of the original study by Low and Watts (2013) . Healthy adult participants between 18 and 35 years of age were recruited via posters and leaflets. Participants who did not show first looks in either direction were not included in the first-look analysis; thus, 36 participants were tested for Study 3a (age: M = 22.4 years, SD = 3.09; 17 women), and 19 participants were tested for Study 3b (age: M = 23.3 years, SD = 1.95; 9 women) to reach the predetermined sample size for all measures. No participants needed to be excluded because of technical difficulties or lack of attention, and no additional exclusion criteria were applied on the basis of the original study.
Studies 3a and 3b included replications of the methods described in the original article, using and extending original stimuli, which were generously shared with us by the authors. Closer inspection of the stimuli revealed two potential material confounds. First, in the original videos in the two familiarization trials, the object was always placed on the same side. That side was later also the correct (i.e., belief-congruent) side in the test trial (see Fig. 4 ). Second, in the original stimulus videos, the actress always turned toward the belief-congruent location at the end of the trial, right before the beginning of the time window in which anticipatory looking was measured. Both facts may cue participants' looking behavior toward the beliefcongruent location. Study 3a introduced an alternative version of the familiarization trials. Specifically, original videos were cut and remerged to ensure that in one familiarization, the object was placed on the right side, and in the other, it was placed on the left side (Control 1). In the test trial, the belief-congruent side was always on the left. Study 3b introduced a further alternative version of the test trial (Control 2), in which the actress additionally turned toward the belief-incongruent direction. Study 3a tested, in a between-participants design, the original condition and Control 1 condition, and Study 3b tested the Control 2 condition.
Results and discussion
The full data set can be accessed at https://osf.io/zp76h/. Mean DLSs as a function of condition are depicted in . In sum, the original pattern of belief-congruent looking could be reproduced only under conditions in which the belief congruency of the locations is confounded with additional factors, and therefore, this pattern might not reflect belief-based anticipation.
Discussion
This research investigated the replicability and validity of four major anticipatory-looking false-belief paradigms. Regarding replicability, the results of Studies 1 Note: An equal sign (=) means that there was no difference between conditions, a less-than sign (<) means that the first condition had smaller values, and a greater-than sign (>) means that the first condition had larger values in the specified outcome measure than the second one. DLS = differential looking score. a The interaction was determined to be significant if participants were preselected on the basis of behavior that conformed to the study hypothesis in the first-saccade outcome measure.
and 2 show that only one of the four paradigms (Low & Watts, 2013) was fully replicable. Study 1 also investigated performance in the four paradigms in relation to each other and failed to find any evidence for correlations and thus convergent validity. Studies 3a and 3b more carefully and critically investigated the only paradigm that proved robust in Study 1 (Low & Watts, 2013) . Results suggest that once potential material confounds are removed, this task no longer reveals anticipatory looking suggestive of implicit theory of mind. Thus, it is possible that the original and replication findings are subject to alternative, more parsimonious explanations, for example, because of salient visual features rather than belief processing driving the observed gaze pattern. Taken together, these findings indicate that anticipatory-looking false-belief tasks are not as reliable and valid as previously assumed. What, in a broader perspective, do the present findings suggest about the status of implicit theory of mind? There are two possibilities. First, implicit theory of mind may be a real phenomenon but fragile and thus difficult to tap. Perhaps anticipatory-looking measures yield informative results only under limited circumstances, for example, when the stimuli are ecologically relevant and the need for anticipation is strong (see Krupenye, Kano, Hirata, Call, & Tomasello, 2016 , for a recent argument and study along such lines regarding nonhuman primates). Outside these limited circumstances, participants might simply not be motivated enough to anticipate and thus look back and forth between areas of interest in unsystematic ways. In addition, studies using anticipatory-looking measures have high dropout rates, which further questions their suitability to assess implicit false-belief reasoning.
Alternatively, and more radically, there may be no such thing as a separate and implicit, perhaps even modular form of theory of mind (Heyes, 2014) . Rather, there may be only one form of theory of mind that develops as traditionally assumed, in a relatively protracted fashion, building on linguistic experiences and drawing on central cognitive resources (Heyes, 2014) . Belief-Congruent Fig. 4 . Sequence of events in Studies 3a and 3b. In the original study (Low & Watts, 2013) , both familiarizations and the turn of the actress were directed toward the belief-congruent side. In the Control 1 condition, the second familiarization was to the other side, and in the Control 2 condition, the actress furthermore turned toward the belief-incongruent side.
Some recent findings indeed suggest parallel developments in different kinds of anticipatory-looking and verbal theory-of-mind tasks (Grosse Wiesmann, Friederici, Disla, Steinbeis, & Singer, 2017) . According to this second option, what looks like earlier forms of implicit theory of mind in ontogeny, or unconscious and automatic theory of mind across the life span, may in fact be explained more parsimoniously. Evidence along such lines comes from several recent studies (Conway et al., 2017; Heyes, 2014; Phillips et al., 2015; Santiesteban et al., 2014) . By itself, the current study cannot provide enough information to allow us to decide between these two possibilities. Although it failed to find evidence for the reliability and validity of some implicit theory-of-mind tasks, it does not present conclusive evidence that implicit theory of mind does not exist. First, only adult participants were tested in the present studies because previous research showed no differences across the life span in anticipatory-looking tasks (e.g., Senju et al., 2009; Southgate et al., 2007) . However, anticipatorylooking tasks were originally designed for children and may thus not be particularly suitable and sensitive measures for adult participants. To draw more comprehensive conclusions, researchers should test further age groups. Second, the current study focused on anticipatory-looking tasks only. Anticipation as a measure compared with other implicit measures, such as violation of expectation or priming, may involve more extraneous task demands that mask participants' competence. Tasks with these other implicit measures thus need to be revisited in independent and systematic replication studies.
In sum, the current study casts doubts on whether the far-reaching theories regarding implicit theory of mind rest on firm and reliable foundations. Thus, there is a strong need for systematic, large-scale, collaborative, and preregistered multilab replication and validation studies to explore more systematically whether implicit theory of mind is a real and robust phenomenon and under which conditions and in which age groups it can be measured.
